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Abstract— The high pressure sodium lamp is a high 
energy outdoor light source that belongs to the high 
intensity discharge lamp family. It comes in different 
shapes and requires a ballast to start it. The high pressure 
sodium lamp is a source of interference to the power line 
communications channel as it injects noise when connected 
to the 220V mains. This paper investigates the influence of 
the high pressure sodium lamp on the narrowband and 
broadband power line communications channel. It is 
shown that the frequency band: 3kHz – 150kHz is not 
highly infected whereas in the band: 150kHz – 30MHz, 
PLC signals compete with Electromagnetic Compatibility 
(EMC) levels. 
 
Index Terms— High Pressure Sodium Lamp; Electronic 
Ballast; Electromagnetic Ballast; Power line 
Communications; PLC, Interference; EN 50065-1; EMC. 
 
I. INTRODUCTION 
For a long time, this type of lamp has been used as one of 
the main outdoor lighting sources. Many countries around the 
world still use the high pressure sodium lamps since they are 
highly efficient light sources. Their strong yellow light color 
restricts their usage to the outdoor areas only. They are mainly 
used in sport arenas, parking lots, harbors, street lighting, 
commercial and open industrial areas, as well as security 
lighting, function stages and landscaping. They are gas 
discharge lamps and come in different shapes, design and sizes, 
as shown in Fig. 1. They range from 35 – 1000 watts and give 
an average luminous output of 70 – 160 lumens/Watt. They are 
considered long-life bulbs, in the vicinity of 20000 hours [1 – 
3]. 
The lamp contains an arc tube and has a mixture of xenon, 
mercury and sodium. It is supplied with 220V AC in series 
with electric ballast in order to provide a constant current and 
sufficient voltage to start the lamp [3]. 
When the lamp comes to the end of its life, it faces the 
“cycling” period, that is usually caused by a loss of sodium gas 
in the arc, which causes the lamp to switch on and off several 
times a day. Using simple electromagnetic ballast during the 
cycling period results in injecting more noise to the PLC 
channel since it cannot control the lamp from being an 
interference source; however, the new electronic ballasts (see 
Fig. 2) are more “intelligent” and can extinguish the lamp and 
prevent it from being a source of interference to the power line 
communications channel [4]. 
 
 
              
Fig. 1.  The Inside Structure Of The High Pressure Sodium Lamp [5]. 
 
High pressure sodium lamps with ballasts inject undesired 
noise into the power-line communications channel (PLC). 
 In case of CENELEC band: 3kHz – 150kHz, the noise 
level does not exceed the allowed maximum interference 
levels. Therefore, the high pressure sodium lamp with 
electronic or electromagnetic ballasts can be considered as 
a“friendly” noise source. 
For the broadband channel: 150kHz – 30MHz, the noise 
levels from the high pressure sodium lamp with electronic or 
electromagnetic ballasts compete with, or exceed the allowed 
maximum Electromagnetic Compatibility (EMC) levels [6].  
This paper investigates the cases when the high pressure 
sodium lamp is seen as a noise source to the power line 
communications channel, and the effect that the electronic and 
electromagnetic ballasts have on the narrowband and 
broadband frequency levels [7]. 
 
 
Fig. 2.  Electric Ballast Used with High Pressure Sodium Lamp. 
 
II. MEASUREMENT SET-UP 
Fig. 3 & 4 show the process and measurement set-up used 
for the experimental tests.  
The 220VAC power line wires supply the high 
pressure sodium lamp with power through an isolation 
transformer and Line Impedance Stabilization Network 
(LISN).  
The isolation transformer is used as the LISN causes an 
earth-leakage current to flow, which trips the supply; 
therefore, floating the LISN rectifies this fault 
condition. It is necessary to use a LISN for this type of 
measurements as the LISN filters noise from the AC 
supply. The measurement side (current probe and high 
pressure sodium lamp in Fig. 3 & 4) is therefore clean 
from any noise on the power line and an accurate 
assessment of the noise produced by the high pressure 
sodium lamp can therefore be made. A clean 50Hz 
220VAC is supplied to the high pressure sodium lamp. 
The LISN also supplies a standardized noise load to the 
conducted interference created by high pressure 
sodium lamp. At higher frequencies (typically > 
1MHz) the noise load impedance presented by the 
LISN (and seen by the high pressure sodium lamp) is 
50Ω [6] 
Measurements and conclusions in this paper are made for 
two regions of the emission spectrum: 
• 3kHz – 150kHz: This is the frequency range of the so 
called CENELEC bands as defined by EN 50065-1 [8]. 
Measurements for these bands are made in the 
frequency domain to obtain harmonics from the 
resulted spectral density shape. A Rhode & Schwarz 
Spectrum Analyzer (ESR EMI Test Receiver) and 
ETS-Lindgren current probe (1GHz) are used. It is 
assumed that the Common Mode (CM) currents are 
negligible in this band and that all interference is in 
Differential Mode (DM) – an assumption also used in 
EN 50065-1. Results are downloaded to a PC for 
processing [6]. This is shown in Fig. 3 & 4, depending 
on the used ballast. 
 
 
Fig. 3.  Set-up for Measurements in the 3kHz – 30MHz Range (Electronic 
Ballast). 
 
• 150kHz – 30MHz: This is the frequency range for 
Broadband PLC. It spans the range traditionally used to 
measure conducted emissions as per CISPR-16 [9]. 
Measurements for this frequency range are also made 
using a Rhode & Schwarz Spectrum Analyzer (ESR 
EMI Test Receiver) and ETS-Lindgren current probe as 
shown in Fig. 3 & 4. 
 
Fig. 4.  Set-up for Measurements in the 3kHz – 30MHz Range 
(Electromagnetic Ballast). 
 
ELECTRICAL BALLAST DRIVER 
In general, the electronic ballasts are seen as serious noise 
sources to the power line system, rather than the 
electromagnetic ballasts since they contain electronic 
components and circuits as shown in Fig.5. 
Electronic ballasts are widely used for high pressure sodium 
lamps because of the “intelligent” function that switches the 
lamp off at its life end. This “intelligent” function exists in the 
electronic ballast only, as the ballast prevents the lamp from 
being a source of noise and disturbance on the power line 
system, especially when the lamp reaches the end of its life as it 
starts to switch on and off several times a day; this causes the 
lamp to produce more interference on the PLC channel. 
 The electromagnetic ballast is simple
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